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- pp collisions at 1.96 TeV

o Excellent Performance
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e The analyses presented in this
talk span from 1.35 to 2.8 fb™

« Currently on tape >3.5 fb

e Plan to accumulate up 6 fb in
2009, 8 bt possible if 2010
extension approved

e X4 — X5 current dataset
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F Il Preliminary 740 ;:\t:\'1

— FONLL
-- NLO

A TX (1.96 TeV)
® InyK* (196 TeV)

. O InyKt (L8 TeV)
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Cross section of O (pb) in
typical detector acceptance

Pair produce (uncorrelated) all

iort )of b-hadrons (B, 4, B, B,
R

Significant Lorentz Boost:

<By>=R/M,~2

Hadronic enivronment :

o(PP):o= 60 mb

Multi purpose detector
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Cross section of O (nb)
Pair produce (correlated) only
B,s» B only at Y(55)

Small and fixed Lorentz Boost:
By=0.425 (Belle/ KEK-B)

Bxtra clean enivronment and
dedicated detectors
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Tevatron Detectors

Tracker: - Sillcor) Veriex Deideior
- Drift Cramoers
- Excellent Momentum Resolution
> Particle ID: TOFE zirid cl=/clx
> Muorn Coverage (Trigger) fr|<l
- Displaced vertex trigger (SVT)

. ! E"”’ n=1
\ = o -
|| | I',I Tirme of F |ig|'IL (m] & Mﬂan SClntiilamrs i -
| | Central Quter Tracker pE———]
| Silicon Vertex Detector 5 Muon Cﬁamberdl
Intermediate Silicon : s e
n=2
i <
L1
g | —— =
New LOO insialled in 2008! n : e
> Solenold: 2T, weekly raversed golarity ﬁ“ m
- orod i | !_
o Excellent Calorimeiry arel eleciron |D e | — T E_E.
 Muon Coverage (Trigger) Inlk 2.2 i | N Py | ﬁ
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Triggeririg 2t collicler

= Cannot over-enphasize

= Physics analysis at colliders start from triggering
the datal

= B-physics program at CDH Tevatron practically
run off the:
1 Displaced track trigger
= Track reconstruction at Levell

= Silicon Vertex Tracker at Level2
= Kinematic selection = select hadronic B-decays

2 Di-muon trigger
= Two identified muon identified at L1/L2/L3
s Select inculusive bbbar events and events with Jpsi
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Dirritor Triggers

a CDF: |_Di-Muon Mass CDF Preliminary: ~360pb”
L di-muon triggered © o] s Thagers:
E ; ; j Si

data ; —— B2IWo  paep

s Two rapidity Nl R W(2S): 480K Ag Daibn—
ranges: CMU ] opy |
In|<0.6, COMX 0.6 ]
< |n| <1 11 Y(1S): 18K

1 pr{(n)>1.5o0r SCTN | N I A< ) . W O Y(25): 3.6K
2.0 GeVic e,

1074} /

R 1 S S S S
s D@: Di-Muon Mass(GeV)

| Similar thresholds =~ 1+ searen region
o Greater rapidity acceptance
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Silicon.-Vertex [racker

= Triggering on displaced vertex at CDF O o< 38 35mr:@?t>)3um
using SVT, main novelty in Run 11, the T so0of resol®@beam
hall-mark of CDF Run Il physics program: §14000; = o~4/um

1 Discovery of B, mixing £ 12000

10000

1 Charmless decays
1 Zg discovery

8000

6000 [

= The necessary tool to get fully ao00]
reconstructed decays hadronic b decays 2000
useful for mixing (and other good stuff..) b0 0w (‘ '6;30
o (KM
Secondary, Main Trigger requires.
Vertex 2 opposite charge tracks,
Decay Length‘."’.,i: B _Pt > 2 GeVIc,
Lxy o ¢ impact parameter |d,| > 120 um
. G R (CBRRERE Scalar pt sum > 5.5 GeV/e
\P/z:'t‘:;y‘::’. 7 Ly = 450pm Projected decay length L, > 200 um
5kl 2° < Ad < 90°
: Add adynamically prescaled LOWPT trigger with

d = impact parameter

no opposite charge and no Pt sum to fill available
iEEEeE bandwidth at low luminosity




Differarit Tyoes of CP violztior)

= All three types of CP violation can be tested at
Tevatron:
_ Direct CP violation in beauty (and charm!) decays

1 CPviolation through interference of mixing and
decays in B.->Jvy ¢
2 CPviolation in mixing (semileptonic asymmetry)

s Highlight result for the B, sector in the following
(but By, result are as good or better than at B-
factories for several channels)
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Figure 1: Tree and penguin topologies contributing to the U-spin-related B) — 7+,
B -~ K*K~ and B} — 7~ K*, B! — 7K~ decays (q.q € {d, s}).

Tree — Penguin amplitudes may generate sizeable direct
CP violation

Sensitive to CKM angle vy

Theory predictions uncertain (strong phases)
Useful combining B, and B, to test/use flavour
symmetries (U-spin, SU(3) etc. )
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r) ~ 7
) 7 1]
Large signal selected through the
displaced track trigger

Sugerposition of By=>Kn, By,
B.2KK, B.>Kn + A (pn/K)

Need multidimensional unbinned
likelihood fit to kinematics + dE/dx

information to disentangle various
component

Signal yield and resolution comparable
}jo B-)factories (with 1 fb* of Tevatron
ata

High precision measurement:
4 CPVinBy>Kn Ag=-0.086+0.023+0.006
(4050 ev.)
Compare to:

. Babar A.;=-0.107+0.018 +0.007 -0.004
(4400 ev.

o Belle A.;=-0.086x0.018+0.008 (4100 ev.)
Systemaitics/detector asymmetries kept

under control using also huge samples
of kinematically similar D°>hh’ decays

Slgrizl

Candidates per 20 MeV/c?

Candidates per 0.04
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Direct CP violation In B, decays

CDF Run Il Preliminary L_=1 fb"

*With 1fb-! first observation of B, Kr mode:

R
S
T I-+_I

N(B; —» K p") =230+ 34 (stat) +16 (syst) [8s signif]

- BB Kn o
800 Ws K
i [ ]background

*First measurement of direct CP violation:
A = N(B; - K"p)-N(B; > Kp’)
" N(B?—>K'p)+ N(B’ :

Candidates per 0.04
S
o
i

600

400
200 o,

_ : B 005 03 04 0.5 06 0.7 0509 1
* A IS 2.5¢ different from O Probability ratio A__(B] > K'r)
» Compatible with expectation [H.J.Lipkin, Phys. Lett. B 621, 126 (2005)]

|A(B, — W+f‘:_)|2 — |A(E’S — ﬂ_f1’+)|2 = |A(Bd . fr+ff_)|2 — |A(By — ﬁ_f{+)|2

_ o ..\ BRBI>Kp) 7
B 5> K'p)=—Ax(B) > Kp*
Acp (B P)=—Acp(By pr)- BR(B® > K p) o
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Candidates per 20.00 Mev/c?

Candidates per 30.00 Mev/c?

=L -~ L
N, Or] rasults
pes2a539 COFRuniPreimnav L 21T -y Opservation of charmless A, decays:

800 * Data

7002— -ngf'wn-m ER(i‘LbU—:»pK} = (5.0 £ 0.7 £+ 1.0) x 10-©
500%‘ =g§:£:;+cc ER{fxbU—}pl’[ )=(3.1 £ 0.6 £0.7)x 10-%
5001 B (Assuming PDG value fyap0n/fy=0.25 + 0.04)
a00E -g;::;ﬁ Predicted:

300 B A ptce BR(A,?—pK) = 2 x 10-6

2005+ =g?<;gh|;s e BR[ﬁbﬂ —pmn)=1x 10-°

100 [ Bkg Comb

s 537 sa R wse @ Hrst hints of DCPV in barion decays (2c)?
Acp (A, = pp) =0.03£0,

2587319 CDF Run Il Preliminary L|"t=1 -1

350 f_ & Data — Total
E .B"A) K’ m+cc .B, S KK
300 R )
: .BE - K w"+cc Bt
250;_ B > m .A‘;—> pm+ce
2003— B 2o picece [l 8o Gomb CDF Run Il Preliminary L _=1 b CDF Run Il Preliminary L _=1 b
1 TE, 75200,—
1500 C
Y 12250 i 2180i i
100F ' 8 £160
N = = c 5
s0F §200- * Data §140- * Data )
g | WA S pr £120- WA - pK
— E o E b
5.3 5.4 . : 21501 Bz S pr Z100- Bz - pK
Invariant nr-mass [GeV/c?] 5 E DOther 5 80; [IOther
4 100 £
b 2 r 60;
= 0 —F I E
F _z|———— - 50 s0-&
-4 r 20
[, oottt E
% o2 04 06 08 1 % 02 04 06 08 1
Relative Likelihcod ACP(A:—> pr) Relative Likelihcod A (A,— pK)

N
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= CDF has 1300 B.2K*'K- events .

in 1fb?
= Expect 25 pm in

1, in SM)

= May reach O(30%) ACP, ., at

the end of Run ||

X! N BSKK-
lifetime determination (measure

Candidates per 20 MeV/c

Fleischer:0705.1121
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Events / 10 MeV

DEPYV B 2 DK at: CDE

= Significant number of B*- DK* events COF Run ll Prefiminary L_=1 fo"

y2 = 43/46

(this analysis ~120 B> DK events) BF , v charge
s Cabibbo suppressed D° decays (CP+) = oo N o
firmly established: kinematics + PID T sl B Dy K
separation, resolution as Babar/Belle 3 J o —
BABAR (arxiv-0708.1534) i —i— 035 20092005 w ©
Belle (prp 730510602006 -—E—.—- 0.06 £0.14 £ 0.05 % +
CDF II : —e— 037 £0.14£0.04 T R 1
! KK mass [GeVic?]
Old AVG  (BabarBere) L 0.26 +0.08
New AVG (BgbarBelle - CDF) | : = 0.28 +0.07

06 04 02 0 02 04 06

CDF Run Il Preliminary L, = 2.4 fb!

“f  Belle 90 ev. (b) : CDF contributing to

&z 3 “v" via GLW method
- " = a0l DCS events ~ 40 (expected) y 1 7

sof arxiv:0804.2063 225:5...__&} ] 34+ 12 (Atted) now looking also for

RNl double Cabibbo

305 :_315_ J[‘_ Suppressed Do

o 1‘“--1-{_:__} modes for ADS

! = T T method

_((}].'2' LL o1 L "XE ‘Ge\oh" 02 "63 5.2 5.3 5.4 5.5 o ::55 [GEVI:J? lZL



rlzivor rrldrlg

= Havor eigenstate # Hamiltonian eigenstate
_ transition between meson and anti-meson exists

= Simplified Schroedinger equation describing mixing and decay

1 S Ty
dt| BO(t) 2 | B

*

I\/|12 M 22

*

0 0
ii Bq(t) i ) Bq (Mu Mlzj _(Fll Flzl
F12 F22

s The mass and lifetime eigenstates (with I';,/M,, <<1)
|B,>=p|B; >+q|B; > am=m,-m =2|m},

|By >=p|B;>-q|B; > ar,-t,-T,= 2|rf;|Re(M12) 2|13 | cos(p)

12

M, and I';, are the focus of CDF & D@ experiments in the B, system

MLResclyro - CPT@ICTPR 7/5/08 5



|14, | =iriel Assl,

s Oscillation observed at CDF in 2006 ¢ »F— L2108
with 1fb? of data 8 20f
= Am, known with great precision: g 12%
5F
Am, =17.77 +0.10(stat) + 0.07 ps™ of
-5
Mal_ 02060+ 0.0007(exp) 2% (theor) 1ot , 50
|VtS| '205‘ B S T R T R ‘_35
s Comparision with SM prediction am, [ps']

limited by lattice QCD uncertainty!

—F “% s 3o significance (stat. only)
; » stat error only : Obtained a.t Dg (24 fb_l)

i 10—//\X E ; total error -
@5’/ A RN R = D@ note 5618:

0_ a T . 7 _ Am, = 18.53+ 0.90(stat) + 0.30(syst) ps’

Y E— N et o]

| T
=

C A

nL{min) = -4.08

s Consistent with CDF result

L Amg =18.53 + 0.93(stat) = 0.30(syst) ps: ; ;
...mf...I...I(..).I..(.‘{.).p.l..I..I

12 14 16 18 20 22 24 26 28 30
Am, (ps™)
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Wrizit eipout MLdrne J Orlelse?

V.
»In the SM phase of the mixing amplitude , Mg d .
connected to the phase of CKM elements: B "af»f‘ B

@, =arg(VtbVis*)? T v b
*|n the Wolfenstain Parametrization (expanding b A
in terms of A=sin(6,)~0.23 to O()°) wet || Bg
» 1) responsible for CP Violation = 1 #0 W b
implies CPV d
Cadliarpitn L u . :
L bt A []
Viewrc o, RRE I ;AZXS[l-Z(p+ i) 1-27& -;x4(1+ 4A?) + ) c| W . i
AVL- (1 -}KZ)(p -ig)] || - AN+ le“[l -2(p+ im)]| 1 LAy
2 2 2 A _
Suppressed CPV

— Standard Model does not predict values for CKM elements:

= CKM hyerarchy implies small CP violation in B, mixing

M.Rascigno - CPT@ICTR 7/5/08




o

ics In B rrldrlg

)

Naw Privs

*New Physics could likely contribute to =
AB=2 transitions 1

* CKM fit including Ams/Amd

(unfortunately) very successful O

* But the picture is not complete until also
the phase has been constrained

o

» Phase of the mixing amplitude is
poorly determined

» Both are needed to constrain New Physics:

My, = [My, |eiFM =| My, |e_i2BS

.............. Large value of CP Violation phase @,
4 NP IS a clear sign of New Physics!

NB: CDF and D@ use different notations 2Bs(CDF) = -¢ (D)

M.Rascigno - CPT@ICTR 7/5/08 iis



|

B.—J/d CP Violztinig Decay Pejte

CP violation in interference of '\ o> JWK!, B— = J/¥

decay with/without mixing in Bs
decays to CP eigenstate fi 19 nal state \ / \ /
, sin2p analog “B"7 S Bg”
= sin(2p) = sin(2p,)
Contrary to the sin2p case B, mixes
much faster > cannot show still <
the asymmetry grafically “;:1-4: e apeom
1.21 —— dN(B./dt (2p_=0.8)
“Signal” appears as a time and CP ya _ Taggedas B, D01
dependent modulation of the _
exponential decay 0.8["
4 Inthe SM the modulation is 0.6
extremely tiny, the figure is
exagerated 0.4
Imperfect Tagging and 02
experimental resolution on proper to VAR 0a0a
00 05 1 15 2 25 3 35 4 45 5

time makes life very hard

1 (typical dilution but no proper time
smearing here)

T (ps)

JI'¥¢ is a mixture of CP eigenstate < need to be statistically separated
through angular analysis

WL.Rescigno - CRTEICTR 7/5/08 19



Arnalysis Flow

- B
Jet charge

o /'I
K

lepton

]/ W rest frame

O rest frame
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CDF Run Il Preliminary, L = 1.35 5"

= * Data | S/B~0.5
| S/B~2 i —Total Fit
0 M\ —Prompt Bkg
= ~ data '

Q 200
E i

2 - RHL T
é 100 200:_
T -
-g bt T i

i il 1001
O . ! i

0 | | k | | | | | | | | | I§| 1 :I L1 I IIIIIIII I IIIIIIIIIIIIIIII I L Ll
53 586 54 54D 51" 52 53 54 55 56 57 58
Mass(J/y ¢) (GeV/c") Mass (GeV)
Signal Candidates: Signal Candidates.
«~2000in 1.35 fb1 (Tagged analysis) «~2000in 2.8 fb'1 (Tagged analysis)

«~2500 in 1.7 fb! (Untagged analysis)
M.Rascigno - CPT@ICTR 7/5/08
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(D

P—\\ claczy rat

d*P(t, W)
dtdw

2 4 CP conserving strong
T+ fZ(W)

% '% |2 T+ fl(w)+ | Aﬂ

ERES

H1A BT H@ A IA U, f05)| iR,
+| A Il A [ cos(d)T, f5(W) d, =ag( A Ay)
i Abl AL |V+ fG(W)

- Decay rate is a function of time, decay angles W= (0+,F +,y) , initial B,
flavor and parameters AT, [

« B, decays into admixture of CP eigenstates (L=0,2 CP even; L=1 CP odd);
3 independent decay amplitude
Using transverse polarization basis: A,, A, CP even ; A, CP odd

> interference terms allow sensitivity to CP violation in untagged (or
poorly tagged) sample

- f. (i=1,...,6) encode the different angular distributions

N
N
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P—\\ claczy rata(Il)

d4P(t,\7V) 2 L 2 4 )
—= o AT T, L (W)+ [ A 7T, f,(W) CP conserving strong
dtdw A phases
+| A P T AW+ ANl A U, f,(W) d, = arg( * )
+1 A Il Al cos(c)T. T() ” %1%
d, =ag( A A)

+ Ay [ ATV, Te(W)

T, = e x [cosh( AG/2) F cos(2B,)sinh(AG /2)] | orms with A aerdene
T nsin(2B;)sin(Amgt) n= + 1(-1)for P(P) flip sign with initial B, flavor

UFe a1 [sin(d, - d,) cos(Amy) Disappear summing B.+B,
- cos(d, -d,)cos(23,)sin(Amdt) (untagged strategy)
+cos(d, -d,)sin(23,)sinh(AT't/2)]
o _ Sensitivity to [sin(2[,)| remain in
V, = xe™ x [ sin(d,)cos(Amy) CP,.., -CP,_,, interference terms
- cos(d, ) cos(213,) sin(Amyt) in triple differential decay rate

+ cos(d, )sin(23,)sinh(AG / 2)]

WL.Rescigno - CRTEICTR 7/5/08 2%



B, average lifgtirme (B.=0 case)

CDF Il Preliminary L=1.7 fb" i ' D@ ,1.1 b’ Bg —->Jdhy¢ « Data
g i + Data 3103 = Mass 5.26 - 5.46 GeV — Total Fit
0 10°h — Fit o Y S Total Signal
- : — Signal o v CP
e Background pelia "avel
0 * e E N e CP-o0dd -
2107 © )
© - T
o g ° g S
3 €10 # ‘ &
c | ! ] ‘ R/ * -
© : o \ My * =
O 104 ’ ki NI 1 B
{) e L S
E SR ||||||“ B
- N
l - ’ S)
1 i 101 ............ ““H I ﬁiﬁ g
01 005 0 005 01 0.15 02 025 03

ct (cm)
t, = 1.52+ 0.08(stat )’y (Syst) ps
AG = 0.127 % (stat )+ 0.02(syst) ps™

World Best A7, 7, PRL 100, 121803 (2008) Superseeded by recent 2.8 fb! result:
ts=1.52+ 0.04(stat )£ 0.02(syst) ps t.=1.53+0.06(stat) + 0.01(syst) ps
AG, = 0.08 + 0.06(stat )+ 0.01(syst) ps™ AG, =0.14 + 0.07(stat) 9% (syst) ps™

Nicely consistent with t4(PDG) = 1.530+ 0.009 ps

M.Rescigno - CPT@ICTPR 7/5/08 24



Uritaiggac I/ result (B0 case)

Symmetry in the likelihood 4-fold ambiguity

guotes a point estimate:

— | F,= -2R, = -0.79 = 0.56 (stat)' 5" (syst) rad
—|AG, = 0.17 £ 0.09 (stat)+ 0.02 (syst) ps™

observes irregular likelihood and biases in fit
— Feldman-Cousins confidence region: SM probability p,,,.=22% (1.20)

PRL 100, 121803 (2008) [arXiv:0712.2348] PRL 98, 121801 (2007)
P | _ 05
ﬁ 06 ngs’:ce region: § standard model 30 45 Dg,11 b’
- C 0 New physi del - E
= . 4: ..... 95 /0;’\ ew p YTS models Sim B iy o
A 7N 3 LB
0.2_ ...“.-" 0.1;_ ‘/',..“"‘;.’ I T
0.0F a3 |
L 0.1F
—0.2:.‘_ _0_2;_ n n
B 0.3F
0.4 E ALog(L)=1/2 (39% cCL) — SM
:I ! | ! ! ! ! ! ! | ! ! -0.45_ AF Al—‘SM X |COS(¢S)|
e m e et

¢S (radlans)

N
1
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rlzivor Tagdirg

Opposite Side Tagging

» Soft Lepton Taggers
» Jet Charge Tagger

OST'’s perform identically in B, 4 ¢:
Calibrated in high statistics B*/B° data

 Combined Performance:

v Efficiency: £¢=0.96 + 0.01
v Average Dilution: D= 0.11 + 0.02

armne Side Kaon Tagging

U

» Most powerful tagger available:

v'2-3 times more effective than combined OST

SSKT is different for B®, B* and B.:

SST needs to rely on MC simulation OST and SST combined independently
Overall eD? ~ 4%

* Performance:

v Efficiency: £=050+ 0.01 D@ performance similar:
v Average Dilution: D= 0.27 + 0.04 D3 Q. 21-6~1;

M.Rascigno - CPT@ICTR 7/5/08
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Iritroclucirig of Flavor teggine

*Tagging improves sensitivity to CP violation phase 3, 23, - p- 2
(provided oscillation can be resolved) AG, = - AG,
» Removes two of the 4-fold ambiguity d,—2p-q,
e Still two exact mirror solution due to strong phase d —»>p-d,

ambiguity remain 2B,-Al' likelihood profile

from a single pseudo-exp

Lixelinoocl: witn taigging, gain sersiivity o U'dg __ Untagged
0oif |cos(20,)] erid sin(2D,), reiner iz e 060 — "
only |cos(20,)] ernid [sin(2b,)| (note sosoluie L% 04F
velllle < -
) 0.2 7
- B < =B, no longer a symmetry thanks to 00P (P
sin(Am.t) terms: 0 oF :
— 4-fold ambiguity reduced to 2-fold 04 W
-0 6:— 2AInL = 2.31 (68% CL)
"F 2AnL =599 (95% CL) |
_I | ‘ | | | | | | I: | |
-0.8 2 0 2
2p_(rad)
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CDE result

PRL 100, 161802 (2008)
arXiv:0712.2397 [hep-ex]

Perform an unbinned maximum likelihood fit to mass, ct and angles: 27 parameters total !

*Symmetries of the problem and low statistics means the likelihood contour does not
have the correct coverage.
* Quoted confidence region is based on a modified Feldman Cousin profile-likelihood
ratio ordering with inclusion of systematic uncertainties.

Stericlerel Viocle]
g 0ectat]ors:
arXiv:hep-ph/0612167

AT’ .=0.096 + 0.039 ps!
2B, = 0.04 + 0.01 rad

Standard Model p,, e
= 15% (1.50)

(%)

<]

. 06
204

\R

0.2

0.0
0.2
-0.4
0.6

CDF Run Il Preliminary L=1.35fb"

-+ SM prediction
— 68% C.L.
— 95% C.L.

strong phases ambiguity:
cos(d,) <0

v

Favored by factorization
and B, analog

2
2p_(rad)

M.Rascigno - CPT@ICTR 7/5/08

cos(d,) >0
cos(d, -d,)<0

N
2




Addirig Inforrnzation/Trizory

AT"_ Is theoretically constrained:

sInput A", = 2|I";,|cosd, ~ 2|I";,|cos(2[3,):
[[',,=0.048+0.018 - Nierste, Lenz, hep-ph/0612167]

CDF Run Il Preliminary L =.1'35 fb”

o 06__ — 68% C.L.
‘0 [ — 95%ClL i
-9: 0.4__ —+— SM prediction
— C =AM cos i
q - s s s

-1 0 1
B, (rad)

2B, in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.
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Lifatirne arcl

Aclclinig Iniforrrzl]

Strorig orizise ¢ Qnscra]nts

= Contraint = Constraint strong = Both
=14+ 1% phase to B;2>JYvy K*

CDF Run Il Preliminary _L=135 b’ CDF Run Il Preliminary L=135f" CDF Run Il Preliminary L=135f"
— 0.6 — 2ai0g(L) = 5.99 — 0.6 — 2al0q) =599 — 0.6 — 2al0q) =599
3 [ — 2alog(L)=2.30 'n [ — 2alog(l)=230 'n [ — 2alog(l)=230
= 0.4 - swmprediction £ 0.4 — s predgiction £ 0.4 — s predgiction
2 o 2 oa 2 02,
0.2 0.2 0.2
;}_ ------------------------- = =
R T e
0.2F 0.21 0.21
[ constrain t to PDG 8™ [ constrain strong phases BaBar: [ constrain 1, strong phases:
-0.4 v 2a00g(L) = 5.99 0.4 - 25000 = 5.99 0.4 - 25000 = 5.99
[ == 2alog(L) = 2.30 e 24l0g(L) = 2.30 e 24log(L) = 2.30
-0.61 | | N 0.6 3 0.6~ 3
L PSR I T SR TR S N T TR T R S S PSR I T SR TR S N T TR T R S S
-1 0 1 -1 0 1 -1 0 1
B, (rad) B, (rad) B, (rad)

= Largest effect on Al ,and near B.=n/4 ,likelihood near B.=0 not
very sensitive (too bad)

2P In [0.40, 1.20] at 68% C.L _C')_ —Téc— 2B,

M.Rascigno - CPT@ICTR 7/5/08 30



*DYJ: ~2000 B, events with 2.8 fb-!

D7) Pasi|t

arXiv: 0802.2255 [hep-eX]

e Assume strong phase as measured in B> J/'VYK* decays

«Combined Tagging Power = ¢D? = (4.68 = 0.54)%

(NEW)

t,=1.52+ 0.06 (stat)+ 0.01 (syst) ps

EIT inputs:
Am, fixed to 17.77 ps

AG = 0.19 + 0.07 (stat )fo%ff (syst) ps™ Gaussian constraint on Strong phases:
59 ik 5,~8,=-0.46 % (n/5)
F.= -2, = -0.577, 5 (stat),,, (Syst) rad §,=+2.92 + (n/5)
a Y () D2, 28 1b"
Standard Model go A . 90% C.L. contours:
expectations: S 4 B =iy
(arXiv:hep-ph/0612167) 2 < AM, = 17.77 ps’ -1.20 < 2R, < 0.06 rad
®,=-004+001rad *F ' 0.06 < AG, < 0.30 ps
-0
Standard Model p, e = o
6.6% 't x [cos(o,)|
025745 0 05 1. 15
¢S (radian)
Y15 25 CIY YIS Y | DEYS CHE



Additienal’ o related

measurement at TeVatron and
Impact on New: PhRysics




B, ermilegtoriic Asyrnrnetry

-

oif My,/T;,>>1

1.3 fb! of data collected (B, semileptonic decays):

Ay =[2.45+ 1.93 (stat)+ 0.35 (syst)] x 107 PRL 98, 151801 (2007)

1.6 fb-! of data collected (dimuon charge asymmetry):

A = 0.020 + 0.021 (stat)+ 0.016 (syst)+ 0.009 (inputs )

1.0 fb! of data collected (dimuon charge asymmetry):

A = -0.0064 + 0.0101 (stat + syst) PRD 74, 092001 (2006)

using common/updated inputs

A5 =-0.0054+0.0072 (stat + syst) AS (SM) =0(107°)

Quite precise, compare with Ag_ =-0.0005+ 0.0055 (stat + syst)
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http://www-cdf.fnal.gov/physics/new/bottom/070816.blessed-acp-bsemil/

ASL. s constraint

—

CDF Run Il Preliminary =1.35fb"

e
v
e
e
i

68% C.L.
95% C.L.
SM prediction

AR R A A AR AR e e e e

i,
— s

5 .
B ASL consirai

- B D D e
wah ey e £y S
B ] s L
A e t
Y e
Fbay
-
t
-
t
-
t
-
t
-
=
-
=
-
=
-
=
-
a
-
t
-
-
N
-
N
i
t
£
t
£
i
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-
t
£
t
£
-
t
-
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rlzivor soecific lifetirrie corls

= Havor specific modes: only accessible from
either B, or anti-B, state

= Light and Heavy state contributes both 50% (

to the time evolution
= Ht to a single lifetime determine t,, —
1 Expected higher than 1/T,
1 HQET :T =Ty, = O(1%)

1

CDF Run Il Preliminary 1.3 ! coFRunliPreliminary  13%" o Racent high
I, ‘o 250 | precision

S\ T s | measurement from
: é&i —ocovoenones | 3 M o B CDF using
S * R IR TS o B.>D.Or+ DO+
Lo P A \ R D.p final states using
i b || e 1.3 fb-1

i; oo }:3::?& s cr(B) = 455.0 +

N R\ LN N e 12.2 (stat.) + 7.4

0 005 01 015 02 {3.25ct o n’?ia 48 5 52 54 56 58 6 mf;BZng‘:’) (SySt) IJ.m

www-cdf.fnal.gov/physics/new/bottom/080207.blessed-bs-lifetime
M.Rescigno - CPT@ICTPR 7/5/08
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= PDG 08 average: 1.417 + 0.042 ps
= Slightly lower than recent t, from

» CDF hadronic more consistent

rlzivor soecific lifetirria constralnt

B.2>JYW¥¢ (1.52+0.04 ps) and 1,

{Allogl) = 0.5)
~— 04 M T~ . T T 1 1T .'. LA R B B B B R
: i Flavor-Specific 1
& | v e |
gﬁ 0.2 - ] 1.398 +0.044 + 0.025
0.2 ‘ Dirgct 1 0440
; Measurements 1 DELPHID; | 1.420 + ;5,1 0.040
0.1 ' Theory
. ] OPAL D, | + 0160 4
0 L Combined 7 __._1500 L 0150 - 0.040
—0.}
r Cc
[ _ DFID.! o 1.360 +£0.090 = 0.060
_0.2 m 1 1 1 ]
1.2 1.3 1.4 1.5 1.6
1T [ps] ALEPH D, | o1:540 + §130 +0.040

_ N&TV& average PDGO7+ CDFII pocorecol o 1.461+0.032

= Qurrent precision on T, can be I S I
tranS|ated In a ConStralnt On " B fla1\.;:urspel-it:ic Iifeti:l-'lse (ps) i
Al <0.16pstatloc “
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-1

NP 1r) Bs rnldrlg

pre tagged JW¢ status
UT.., inputs: Em.. g
<~ 60
Am, measurement (CDF) a0

Lifetime t, (CDF and DY) x
AT, (CDF on 200 pb) .
Al', and @, (DY on 1.1 fb?) 40
Semileptonic Ag, (DY) =

C
B,
Am=Cg *AmSM: Lattice-QCD dominated uncertainty ;
5 CDF Run Il Preliminary L=1.0fb
§ ) 5§ ~ datatic & 95%CLImit  17.2ps’
fu” s & :E. . ;— ‘1.6!:5;7 O sensitivity 31.3 ps”
<BS ‘ Heff ‘ BS> 2| FBS E 1; S:Ia;l:gzl‘::(stat. only) ?ﬁi
B Ha By L2l +
S eff S 0
5

B=BM - dg.: Experimentally dominated uncertainty
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— r.r.f“ I e - 7~ ~Y I £\ ) G [ < sy T o)
EITECLES Ol rECENT IMeEdasUurEmicrits
& = MU
T el E SM
o :: FIRS 12: + VSITIONS
40 -205—
20 -
o arXiv:0803.0659v1 [ hep-ph]
Submitted to Phys. Rev. Lett.
-40F -602‘
-60F '702_
-anf— : | | | IM '80;_ UTjiz
o 1 2 3 4 5 ® e T R T
Cg Ce
Constraint: UTfit conclusions:
v AT = 2|T";,|cosd = 2|I';,|cos(20,) v NP phase 3¢ from 0 (~-20°) with some
with (r,,=0.048+0.018): approximation in the treatment of experimental

v Strong phases from J/¥ K [nep-exioartotg], ~ eSult has been used

B, lifetime [poc] and AT, = 2|I"y,|cos(2B.): , ,
TeVatron experiments working towards a
combination without approximations @ ICHEP

D@: 283 =+0.46+0.28 M.Rescigng - CPTEICTR 7/5/03 39
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-2In(L/L,,, )

1«

Tavatrorn Cornoinzitiorn  (very preliminary)

. =-0.20 ps” ’Té 3 AT, =0.20 ps”
E_ Bl = J/y o e <:I w/o Strong :>:le ok B2 — Jiy ¢

g phase constraint = |
o 40~
Default fit '
30
—~20f-(b) ﬂ 205_
<1 :

i, (radian) 0, (radian)

06 = Hrst step towards

a TeVatron o

Q ) combination, 02

- ( remove strong an 0

B Q phase constraint in _02@ 4
| D@ fit !

-0.4 CDF contours | : -0.4 DO t:zontours
‘ Av: = B 1
s  HFAG combination Ay =6.18
-06 Ay® =230 -0.6 Ay® =230
3 2 -1 0 1 2 3 at ICHEP -3 -2 -1 0 1 2 3
¢ =—20. +26, §b5=—2ﬁ5+295
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0.6 |

04

0.2

04

-

-

|

rrof Caorl to [rlasie

excluded area has CL > 0.95

Do
SM

i cos(pg) X dI‘SSM

TSFS

Probability density

CKMfitter full fit 2.5 o from SM

UTTit full fit 2.5 o from SM

Bayesian magic?
D@ unconstrained fit!

N
7%

WLHescigno - CRPTEICTR 7/

—

J)

/0

r

—  80r

m C
< 60

0.3

0.2

0.1

a0
205—
oF
-202—
-40-
-so;

Ui

All constraints

UTie|

All constraint

0y,=(-1847)°
[-34-37°

2.7 sign.

] 50

Og,

40

S



Tevatron Outiook

CDF Monte Carlo L : 5.0 fi” CDF Simulated Data, Assumef_= 0.4
_0.6F - sty me7ae50 |
" [ — 2alg(L)=11.83=30c g 1-0__ —30
f 0.4; — 2Alog(L) = 2.30= 10 § . 8' —4 5
L —*— SM prediction —
< 0.2F S
B ®© i
0.0F } ------------------------------------------------------- 5 0.6¢
I =z F
0.2p 0.4F
0.4 i
o(Pg)=4°-5° 0.2F
0'6’7. A R B ‘ L i |
- 0 ! 0.0 5 10

Bs (rad) Integrated Luminosity (fb™)

= With no analysis improvements, and no external constraints, but
same signal yield and experimental resolution:

1 With 5(10) fb-leach Tevatron experiment could reach a 3(5) ¢
significance if “fluctuation” is real

110 fb! may also be viewed as a CDF+D0 combination with 5fb-1

1 Expect >6 fb-l/experiment if TeVatron stops in 2009 and ~8 fb—/
experiment if 2010 running approved

= May do better adding further signals (triggers) or better tagging

(underway)
M.Rascigno - CPT@ICTR 7/5/08
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Conclusions

= B(s) physics program at TeVatron very rich and still
promising:

= Study Direct CP violation in By, B; and A,

= Hrst ever flavor tagged measurement of J'W¢ rates this
winter from Tevatron

. Observe a (not yet) significant fluctuation towards large value of
sin(2pB.)

1 Make B, physics program at the Tevatron and LHCb even more
intriguing

1 CDF update with > 2* statistics and D@ without constraints
underway - TeVatron average

WL.Rescigno - CRTEICTR 7/5/08 22



= Would be really nice to repeat 1999/2000 situation for

sin2p!

_Or

|

@

|

ISIONS

5111(2[3) = sm(2¢l) HEAG

PRELIMINARY
BaBar .r " r 0.71 £0.03 £ 0.02
hep-ex/ 0703021 E i 5
Belle JAay K® }-E 0.64 % 0.03 + 0.02
PRL 98 (2007) §31802 :

Belle y(2S) Ky : i 0.72 +0.09 + 0.03
arXiv:0708.260% :

ALEPH : n N 0.84 %783 0.16
PLB 492, 259-274 (2000) " : &

OPAL : : 3.20 *350+0.50,
EPJ C5,379-388 (1998) i ‘.

CDF : : R L 0.79 54
PRD 61, 072005 5(2000) BT

Average : 0.68 + 0.03
HFAG :

-2 -1 0 1 2 3
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Backup Slides
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Trigger/Sigrial selectjor)

= Trivial (?) trigger:

1 Dimuons with invariant mass

cuts around J/¥ mass:

= B,>1.5 GeV at low
Iummosﬂy

s Increasingly restrictive at
higher luminosity
4 Significant bandwidth needed
at high lumi (2E32 cm2s?)

= 5 KHz (L1), 100 Hz (L2), 10
Hz (3)

candidates per 0.010

= Offline selection:

1 CDF:. Neural Network
selection

B signal
— Background

) 0.2 0.4 0.5 0.8 1
MM output

NN Variables:

B.: pr and vertex quality

J/¥: p; and vertex quality

F: mass and vertex quality

1 D@ cut based selection K*/K: pr and PID (TOF, dE/dx)
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Arigular siccagtarce

*Monte Carlo used to determine acceptance in transversity angles, two
different approaches attempted: a) fitting to analytical model b) binned
acceptance. Obtained equivalent results.

< 1002L + F o, 210
3 ;—’——l—‘m_ﬁ_‘—\_ 5100W 'e.wa__;,_,_,_.—-—'—ﬁﬁ_‘_,—:—"‘—\_‘_\_‘;
(D) 5 | 5 | 5 [
o 80— 2 ol g 80|
O i s il
% % 60— E 60| E 60|
- L r -
Q a0 a0l 40|
8 20/ 20 20/
2 D_\lllwll‘lll‘\l\‘l\\‘ll\ll\lll\\I\\ll\\\ 07|\\\\|\|||||\|\‘|\\|‘|||||\|\\I c_wnw\:w|\||w|w:w\:::\::w\w:w\:::\::wlw::
-1 08 -0.6 -04 -0.2 0 02 04 06 08 1 -3 -2 -1 0 1 2 3 -1 -08 -06 -04 -0.2 0 02 04 06 08 1
cosy [ cosf
— -1
(@) CDF Il Preliminary L-1.7 b CDF Il Preliminary L=1.7 fb" = gooraroreliminary L=1.71b
" — - F ) o F . S [+ Data —Signal
o [« Data —Signal = [+ Data —Signal = F i J
Ul— 5 700 —Fit CP-even B700f — Fit CP-even groop —Ht ok
o s00k Background -~ CP-odd 2 . Background  —CP-odd p : ackgroun
D & 6001 < 500[- @ 600}
il g I S| T + +
T 500} + + @ s500¢ + 5 500L_ ++ +
o = i ¥ S ¥ s ERS S
E 8 400" § 400f- © 400
300} 300 300?
= 200 200} 200 ’\—/
tofT 100f - top T —
m F ““ -------- ol R B T : q’o .-0\5 0I0 0\5 .1 0
— 9% 0.5 0.0 0.5 1.0 2 0 2 : :
CG cos(6) 0 cos(y)
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Polarizatiorn ir) B, —J/WiC°
o

» Acceptance corrected fit projections validates treatment of detector acceptance!

K P -1 -
CDF Run i Preliminary  L=13 " CDF Run Il Preliminary L =1.3fb CDF Run Il Preliminary ~ L=1.310"

Candidates per 0.1

|

S N

Candidates per 7/10
o g g g
oS P §

| E
L 2 8
- F

Candidates per 0.1

wwwwwwwwwwwwwwwwwwww

Results for B — J/'¥ K© in good agreement with BaBar, competitive uncertainties!

CDF
www-cdf.fnal.gov/physics/new/bottom/070830.blessed-BdPsiKS Phys. Rev. D 76, 031102 (2007)

ct =456+ 6 (stat) + 6 (syst) um

| A (0) P=0.569+ 0.009 (stat) +0.009 (syst) | [EaYQURISEECEACENC L YEIVNNEEY
| A(0) F=0.211+0.012 (stat) +0.006 (syst) | [Eal(QN AN EIUUIRCEYEJVVICHETEY
d =-2.96+0.08 (stat) +0.03 (syst) d, =-2.93+0.08 (stat) £ 0.04 (syst)

d, =+2.97+0.06 (stat) + 0.01 (syst) d, =+2.96+0.05 (stat) + 0.03 (syst)
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Bel/Bs nolarizatior)

T ].52 :l: 0-04 :l: U-{}g pET frEE IZI:I:':: li's = llln.'l:'fhi .lf:h
Ts (ps) 1.524+006 | 1.53+£0.06 | 1.49+0.05
- — ; (=1 - =
AT U-Ufﬁfgﬂgg + 0.006 ps~!, AT (ps™) 0.19+0.07 | 0.1440.07 |0.083 £ 0.018
Ay (D) 0.414+0.04 | 0.4440.04 | 0.4540.03
= Lr g 4 [ 2_ d = . . 5 . A . . .
|.""l{||2 0.531 + 0.020 + [}D[}I | Aa(0) - |4, (0] 0.34+0.05 | 0.35+0.04 | 0.33+0.04
iy —0.5240.42|—-0.48+0.45] —0.47+0.42
9 . iz 3.174+0.39 | 3194043 | 3.2140.40
) AM, (ps™!) = 17.77 = 17.77 = 17.77
A7 = 0.230 < 0.026 % 0.009.

Phys. Rev. D 76, 031102 (2007)

Babar:

| A (0) F=0.556 + 0.009 (stat) + 0.010 (syst)

| A(0) '= 0.211+ 0.010 (stat) +0.006 (syst)
d, = -2.93+0.08 (stat) + 0.04 (syst)
d, =+2.96+0.05 (stat) + 0.03 (syst)
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Prooger trre rasolutior)

°The mean is of the sideband subtracted o, resolution for a 4-track vertex is

25.05 pm (error returned by the vertex fit)

* Need to multiply by a ct resolution scale factor determined by fitting the
prompt peak : s=1.26 £ 0.02 (effect of non gaussian tails, charged particle

 Estimate an average resolution on proper time of 106 fs (with a most

multiplicity etc,,,)
probable value of 78 fs).
h_cterr_4v_bgs
0.18[ _
0.16f H signal Entries 1921
0.14f Pﬂf Mean 25.05
0.12¢ } RMS  9.426
0.10f Jrjf{ }
0.08f
0.06F 1}y J[J,background
0.04; + +
0.02F *, H’rﬁ*ﬂ
O'OO;.‘-—. A 'F'TWT'-
0 20 40 60 80 100

un-scaled g(ct) (um), 4-trk vix

h_cterr_2v_bgs

0.14F ]l Entries 1921
0'12:_ “ Mean 31.01
010 # t RMS  12.89
0.08F {Jr,r
0.06F ++ { t
0.04F +’r f H’f
0.02F f Hy

ST T [ T R T TR R T TR T S N T

0 20 40 60 80 100

un-scaled o(ct) (um), 2-trk vix
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Cornflderice Faclon Coristructior)

R(A i L(AG,, s,0) 1.07
GsnBs ¥ g ol "= -
L(AG,, 3,9 £
o YO
A = parameters that maximize likelihood L ‘*'_5' i
0’ = nuisance parameters which maximize = 0'6:
L for a specific choice of AI',3, 'E“ -
oy 0.4
Use pseudo—experiments to calculate: % i
-5 - 0-2— .‘.E :
Praive = If (RAG,, S)dR i N
Rdata 00—l e — T
=5 0 5 10 15
Guarantees the frequentistic coverage of Log-"LikeIihood Ratio
the quotEd CL :............. ................ ................. ..
Takes into account non-asymptotic Include systematics via an additional
behaviour of likelihood, i.e. log(L) non-  |i COverage adjustment varying nuisance
parabolic, and possibility of large : parameters within 5o of their
fluctuation of likelihood shape from ; uncertainties and choosing worst case
experiment-to-experiment : (higher P-value) to define the confidence :
: regions :

J\/] "{r\‘)LJUrJD (‘ J_) J"z?‘Dlrhrr‘p.?/S./Og ooooooooooooooooooooooooooooooooooooooooooooo 5.0...0-...:



i,

¥ D7 Pasi)

L 659 F
U2
(F
e b
(1)
U2

04 DO, 2.8 b "‘Z: (c)
j=1 o .| =
[_...“U-3E— m B! Jhyo 2 15
T 0.2F AM, =17.77psT  ° 1:;
0.13— R T '0;5
- Al (ps’)
0F 4
~ —_— = il
0.1 SM &
- AT = AT, = |co5[q}5]| £
S Y P (N B B S e soe | L om
T2 1.5 -1 -0.5 0 0.5 1 1.5 -
¢1E (radian) 0

rmaed :
il B I PR TP T IR
04 02 0 02 04 06 08 31_51

ents per 0.07
2
I

1 90% CL range from
pseudoexperiment significantly
different from what obtained
from likelihood profile

T T T T e .120<¢,<0.06 rad vs
-1.10< ¢, <—0.10 rad

Ev
<
(=]
=1
T

o
TTT
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